Single crystals of Eu 5 (BO 3 ) 3 Cl were obtained by serendipity by reacting Eu 2 O 3 and Mg with B 2 O 3 at 1300 K in the presence of an NaCl melt for 13 h in silica-jacketed Nb ampoules. Ba 5 (BO 3 ) 3 X (X = Cl, Br) crystals were formed by direct synthesis from appropriate amounts of Ba(OH) 2 , H 3 BO 3 and the respective barium halide (hydrate) in alumina crucibles kept in the open atmosphere at 1300 K for 13 h. The crystal structures of the title compounds were determined with single-crystal X-ray diffraction. All compounds crystallize isotypically to Sr 5 (BO 3 ) 3 Cl in the orthorhombic space group C222 1 (no. 20, Z = 4) with the lattice parameters a = 1000.34 (7), b = 1419.00(9), c = 739.48(5) pm for Eu 5 (BO 3 ) 3 Cl, a = 1045.49(5), b = 1487.89(8), c = 787.01(4) pm for Ba 5 (BO 3 ) 3 Cl, and a = 1048.76(7), b = 1481.13(9) and c = 801.22(5) pm for Ba 5 (BO 3 ) 3 Br. The Raman spectra of all compounds were acquired and are presented and compared to literature data. The incremental volume of the orthoborate (BO 3 ) 3− anion has been determined and is compared to the Biltz volume.
Introduction
Orthoborates with the general stoichiometry (M +II ) 5 (BO 3 ) 3 X (M = divalent metal; X = halide or cyanide) [1 -6] have been found to crystallize with at least four different crystal structures (Table 1) . It is interesting to note that except for the pseudo-halide Ba 5 (BO 3 ) 3 (CN) [7] no barium orthoborate of this general formula has been reported as yet. Triggered by the discovery of this pseudo-halide compound, and after obtaining single crystals of Eu 5 (BO 3 ) 3 Cl, we wanted to find out if a Ba analog could be synthesized.
We report the syntheses, the structural characterization by X-ray single-crystal methods and the Raman spectra of Ba 5 (BO 3 ) 3 Cl, Ba 5 (20) [7] Table 1. Space group symmetry of (M +II ) 5 (BO 3 ) 3 X compounds. In this table, identical symmetry is indicating isotypical structures. Symbols given in bold are results obtained in this work.
0932-0776 / 11 / 0400-0359 $ 06.00 c 2011 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com the monoatomic cations and anions the incremental volume of the (BO 3 ) 3− orthoborate anion which is considerably smaller than the one expected just from the sum of the Biltz volumes for B 3+ and O 2− .
Experimental Section

Syntheses
All manipulations were carried out under normal atmosphere. All reaction mixtures were placed in a box furnace and heated over 13 h from r. t. to 1300 K. This temperature was held for 13 h, then the furnace was shut off and allowed to cool to r. 3 Cl, the main product (about 50 % as estimated by the color and habit of the crystals) consisted of red-orange transparent crystals and amorphous black material with some NaCl. Regarding the barium compounds, in both cases a transparent, colorless layer of the respective crystalline compound was found of which only a few crystals were secured by extracting them with force from the sintered mass. In the case of the reaction of the chloride only Ba 5 (BO 3 ) 3 Cl crystals were obeserved; in the case of the reaction with the bromide about four out of five crystals showed lattice parameters of Ba 5 (BO 3 ) 3 Br, while the other crystals showed hexagonal symmetry (see below).
Eu 5 (BO 3 ) 3 Cl, Ba 5 (BO 3 ) 3 Cl and Ba 5 (BO 3 ) 3 Br react with air and/or moisture after a few days and yield either X-rayamorphous products or BaCO 3 .
Raman spectroscopy
Single crystals of the title compounds were sealed under a protective argon atmosphere inside pyrex capillaries and used for the Raman investigations (microscope laser Raman spectrometer: Jobin Yvon, 1 mW, excitation line at λ = 632.817 nm (HeNe laser), 20× magnification, 3600 s accumulation time; Fig. 1 ). The crystals were taken out of the pyrex capillaries and measured again after a few days. Eu 5 (BO 3 ) 3 Cl crystals then exhibited no Raman peaks, while the spectrum of Ba 5 (BO 3 ) 3 Cl showed the same spectrum as obtained before with considerably lower intensities, but at 1059 cm −1 a vibration typical for BaCO 3 was observed. For Ba 5 (BO 3 ) 3 Br, the carbonate signal was even more pronounced.
Crystallographic studies
Samples of the reaction mixtures were removed from the glove box in polybutene oil (Aldrich, M n ∼ 320, isobutylene > 90 %). Suitable single crystals were selected under a polarization microscope, mounted in a drop of polybutene sustained in a plastic loop, and placed onto the goniometer. A cold stream of nitrogen (T = 173(2) K) froze the polybutene oil, thus keeping the crystal stationary and protected from oxygen and moisture. Preliminary examination and subsequent data collection were performed on a Bruker X8 Apex II diffractometer equipped with a 4 K CCD detector and using graphite-monochromatized MoK α radiation (λ = 71.073 pm). The orientation matrix and the respective lattice parameters were obtained by using APEX2 [8] . The program SAINT [9] was used to integrate the data. An empirical absorption correction was applied using SADABS [10] . The initial input files were prepared by XPREP [11] . The atomic positions known for Sr 5 (BO 3 ) 3 Cl [5] were used as a starting model. These positions were refined by full-matrix least-squares techniques with SHELXL-97 [12] . For Ba 5 (BO 3 ) 3 Br, the coordinates had to be inverted since the Flack parameter [13] was unusually high. After this operation, the Flack parameter was considerably lower, but since the refined value of 0.13(2) deviated significantly from zero, we applied the refinement as an inversion twin which resulted in no improved R values and a twin ratio of 0.86 : 0.14 nearly equalling the previously observed Flack parameter.
Additional crystallographic details are given in Table 2 . Atomic coordinates and anisotropic and equivalent isotropic displacement coefficients are shown in Table 3 . Table 4 displays selected bond lengths and angles.
Further details of the crystal structure investigation may be obtained from Fachinformationszentrum Karls- 
Calculating the incremental volume of the (BO 3 ) 3-anion with Biltz volume increments
The molar volumes of several compounds containing the (BO 3 ) 3− anion were used to determine the incremental volume of this anion by subtracting the Biltz volume increments for the respective monoatomic cations and anions [14 -16] from the respective molar volume determined experimentally by X-ray methods. The obtained values (Table 5) 
Results and Discussion
Raman spectra of M 5 (BO 3 ) 3 X (M = Eu or Ba, X = Cl or Br)
The Raman spectroscopic data show clearly the presence of the orthoborate (BO 3 ) 3− anion when compared to compounds containing this anion such as La 10 BO 3 [22] and Eu 5 (BO 3 ) 3 F [6] ( Table 6 ). The symmetric stretching mode is clearly detectable in the Raman spectra of the title compounds, and the data are comparable to the frequencies known for La 10 BO 3 [22] and Eu 5 (BO 3 ) 3 F [6] . 
The crystal structure of M 5 (BO 3 ) 3 X (M = Eu or Ba, X = Cl or Br)
As can already be deduced from their transparency, all M 5 (BO 3 ) 3 X compounds are ionic, electroneutral compounds, therefore consisting of M 2+ cations, trigonal-planar (BO 3 ) 3− orthoborate anions and X − anions. The crystal structure itself can be described by focussing on the halides which are coordinated by the divalent metal cations in a distorted octahedral fashion. These [M 6 X] octahedra form face-sharing Fig. 2) . The layers are held together by metal cations surrounding the ortho-borate ions coplanar to the bc plane and the second type of ortho-borate species ((B1)O 3 ) 3− . The orthoborate moieties are coordinated differently by M 2+ cations.
((B1)O 3 ) 3− anions are located in a tetragonally distorted antiprism (Fig. 3a) while the ((B2)O 3 ) 3− anions orientated perpendicular to the b axis have a distorted tricapped trigonal prismatic coordination (Fig. 3b) which is also known for BN 3 6− anions [23] . It is noteworthy that the b axis of the unit cell of Ba 5 (BO 3 ) 3 Cl is by nearly 7 pm shorter than the 
The incremental volume of the (BO 3 ) 3-anion
The incremental volume of the orthoborate anion calculated with the help of the Biltz volumes of the monoatomic cations and anions unexpectedly is by more than 14 % smaller than that calculated with the incremental Biltz volumes. This difference is due to the covalent bonding between boron and oxygen in this polyatomic anion. Nevertheless, the obtained average value seems to be a good estimate for the molar volume of the (BO 3 ) 3− anion, since the distribution around the calculated average is rather narrow.
Conclusion
The Raman spectra and the structures of Eu 5 (BO 3 ) 3 Cl, Ba 5 (BO 3 ) 3 Cl and Ba 5 (BO 3 ) 3 Br have been determined. The results match quite well the already reported data for compounds with the same or similar stoichiometry and structure containing the orthoborate (BO 3 ) 3− anion. The incremental volume of this anion was determined to be 28.3(12) cm 3 mol −1 or 47.0(7)Å 3 per anion. 
Final Remark
While pursuing this work, we encountered two more compounds crystallizing in the space group P6 3 mc (no. 186). The general formulae were confirmed to be Ba 7 (BO 3 ) 3 F(Y ) 4 (a = 1117.5(2) and c = 723.7(2) pm) and Ba 7 (BO 3 ) 3 Br(Z) 4 (a = 1118.1(1) and c = 723.9(2) pm), but neither by X-ray nor by spectroscopic methods the nature of the missing moieties Y and Z could be determined. Considering the educts and the experimental conditions, Y and Z are expected to be either F − , O 2− and OH − , or O 2− and OH − , respectively. Ba 7 (BO 3 )F 5 [24] was reported to crystallize in the space group P31c (no. 161) with a = 1120.8(5) and c = 725.0(2) pm, but the crystallographic coordinates of this compound have not been given.
